Abstract. The GEMAS project started in 2008 with a joint field campaign of almost all geological surveys in Europe in cooperation with some external organizations. 2211 samples of agricultural soil and 2118 samples from land under permanent grass cover were collected from a large part of Europe over a total area of about 5 million sqkm. Analysis of 53 chemical elements were carried out and The initial results indicate that nature, geology and climate are the major driving forces for the mapped distribution of element patterns at the European scale. Once completed, this project will deliver good quality and comparable exposure data of metals in agricultural and grazing land soil.
Introduction
In Europe, the new chemicals regulation REACH (Registration, Evaluation and Authorisation of Chemicals) adopted in December 2006 (EC 2006a (EC , 2009 ) and the pending EU Soil Framework Directive (Van Camp et al 2004 , EC 2006b ) have increased the need for knowledge about soil quality at the European scale. In contrast to human-made organic substances, arsenic and many other potentially harmful elements occur naturally in the environment. Thus the natural background variation needs to be established in addition to a methodology to differentiate the industrial impact from the natural geogenic background. A sound documentation of element concentrations and their variation in agricultural and grazing land soil at the continental scale is needed before political actions are taken and such data are also urgently needed at the continental scale in forensic The data from the GEMAS geochemical mapping survey can be used to answer the question of whether natural or anthropogenic arsenic sources dominate the element distribution at the European scale. The high-quality GEMAS data provide a solid and reliable scientific data base for the recommendation of guideline levels for potentially toxic elements in European agricultural soils.
Materials and Methods
For the GEMAS project 2211 samples (including field duplicates) of agricultural soil (Ap, Ap-horizon, 0-20cm) and 2118 samples (including field duplicates) from land under permanent grass cover ("grazing land" -Gr, topsoil 0-10 cm) were collected from a large part of Europe over a total area of about 5 million sqkm (Fig. 1) . Samples were centrally prepared (air dried, sieved to <2 mm, homogenised and split into sub-samples) and randomised prior to being sent out to contract laboratories. QC consisted of • collection of a field duplicate at a rate of 1 in 20 field samples; • preparation of two large project standards ("Ap" and "Gr") for insertion between the routine project samples;
• preparation of an analytical replicate from each field duplicate • randomisation of all samples prior to analysis. Analysis of 53 chemical elements (Ag, Al, As, Au, B, Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga, Ge, Hf, Hg, In, K, La, Li, Mg, Mn, Mo, Na, Nb, Ni, P, Pb, Pd, Pt, Rb, Re, S, Sb, Sc, Se, Sn, Sr, Ta, Te, Th, Ti, Tl, U, V, W, Y, Zn, Zr), following an aqua regia extraction on a 15 g aliquot per sample of both sample materials were performed. All analyses were carried out within twenty days at ACME laboratories in Vancouver, Canada. No serious quality problems, other than a few occasional outliers for a number of elements (B, Ca, Cu, S and Sn) were detected, and the analytical results were accepted after investigating the reasons for these outliers. By applying advanced GIS and geostatistical methods, geochemical maps of analyzed elements are now being produced.
Results and Discussion
The "Geochemical Atlas of Agricultural and Grazing Land Soil of Western Europe" will be published in 2013 and all the geochemical data will be released to the general public.
At the moment, the initial results indicate that nature, geology and climate are the major driving forces for the mapped distribution of element patterns at the European scale, while possible anthropogenic inputs (industry, agriculture, etc.) do not clearly dominate observed elemental distribution (Fig. 2) .
Conclusion
Once completed, this project will deliver good quality and comparable exposure data of metals in agricultural and grazing land soil; in addition, soil properties known to influence the bioavailability and toxicity of metals (and other elements) will be determined in soil at the European scale. 
